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INTRODUCTION

Drift-shell splitting has been universally recognized as an explanation for the
changes in quiet time pitch angle distributions observed as a funczion of local
time in the outer magnetosphere {1]. The effect is dominant for particles with
energies high enough (usually greater than 30 keV) that the electrostatic potential
can be ignored [2,3,4]. The magnecic shell splicting is a direct result of the
azimuthal asymmetries of the magnetospheric magnetic field. In order to counserve
the first and the second adiabatic invariant, a particle having e, ~ 90° (a,
equatorial pitch angle) will trace a drift shell defined by field lines that have
aloost the same equatorial magnitude as the magnetic field inductiom 34,. A par-
ticla havingc°- 0% will trace a drift shall defined 5y field lines thac have

almost the same arc lenmgch.

Several autiors nave traced particle drift shells ia varicus zodels 2f zhe fiald
(2,4]. This is a laborious srocass and is rarely done for comparison with obsarra-
sicns (3,5]. Recently a sisplifiad pr2seriptioa for tracing magmesis dvifs shells
has been descrided by Luhmann and Schulz [7]. The pracedure involves the use of 3
three term Vead model (8] of the magnetic field in which the condipolar conmtribu=

ticns are obtained by ficting the diurnal variation of the =agnecic field observed




act synchronous orbit. Since the magnetic field is & function of nadial distance

the observed equatorial particle flux variation can be used to generate an equato-
rial "radial™ flux profile. The particle drift shells are then specified analyti-
cally as a function of pitch angle at local noon. We have utilized this procedure
to calculate the expected magnetic shell splitting for the GEOS-2 ion data. T
obtain a "radial" flux profile over a wide range of spatial paramezers (B zarné L)
we have taken also data from the P78-2 (SCATHA) spacecratft. This allcws us to
cover the complete "radial" range of the particle drift shells that have access

to synchronous orbit at some point in their motion.

INSTRUMENTS AND OBSERVATIONS

The instruments on both spacecraft measure ions with two-element telescopes in
similar energy ranges and provide good pitch angle distributions. Ions are
reasured with the GEO0S-2 MPAE instrument from 35 to 400 keV in 9 differencial
energy channels and with the SCATHA-Aercspace instrument from !4 to 700 keV in

6 differantial energy channels. The various energy pass bands are given ia Table i.

TABLE | Ton Energy Channels of the Two Instruments
Energy Channel GEOS=2 MPAE SCATHA-Aerospace #
! 35 - 45-xe? 14 = 24 kav
2 45 = 39 xae¥ 24 - 48 wav
3 39 = 73 kaV 48 - 94 eV
3 75 - 38 eV 94 = 172 kaV
3 23 - 129 zeaV 172 = 252 xaV¥
5 19 - 189 xaV 352 - TCO kaV
; 189 - 225 <av
3 225 - 301 xeV
9 301 = 403 keV
8 |
i




For our initial study we have chosen two relatively quiet periods, 13-14 February,
1979 and 18~19 March, 1979. The February period is very quiet, but the satellites
are separated by about ten hours in local time. On March !8 the satellites are
sepatated by about one hour of local time from each other, but the geomagrerit
field was mildly disturbed. Figure | shows the ion energy spectra for che two
instruments on February 13, 979 ac about 2:30 local time and on March 18, 1979
at about 23:30 local time. Both spacecraf: are at this time almost on the same

L-shell, but the magnetic latitudes

FEBRUARY 13,1979 MARCH 18,1979 .
0 - W0
gggs 7, meac b GEgs 1wt differ slightly. Therefore the
LIS EE ] ML 23 3001
- i e
ot TV PICH aNGLE BT e B ANGLE 78° 35" g spectra are shown for equivaleat
3 4 SUATHA - AEROSPACE - 4 S(ATMA ALROSPACE
x \ngﬂuY - M . :
Y - :;Aifgg. IR piteh angles which are calculated
s - . b amgue s - bircw angue gt o 10°
T . from the magnetic field values at th
z ¥ e - ]
> - - »
= L o two spacecraft. There is a good
Z ;
= ks
=z -y = -
Sy J; B3 - agreement of che spectra on February
g 4 -
{ R A .
L 4 13 and a slight deviation of the
0 -, Lot - -, - L ) 10" .
10 o R 0 0 0 spectra at low energies on March 13.
ENERGY [keV!
Fig. 1 lon energy spectra from the GEOS-2 Figure 2 shows a series of ion pitch
MPAE and che SCATHA-Aerospace instruments
at L = 6.6 on February 13, 1979 and cn angle distributions measured on GEZCS-

March 18, 1979,
2 in various energy channels from

30:C0 CT on February 13 to 10:00 UT on Tebruary 14 every two hours. The data are

avaraged over !5 min, The position of GECS-2 is at 37° zast longitude. This meas

-

shat local tize is universal zime plus 2.3 curs. The selactad =irve inzerral saous

ne variacion af the pissh angle discridutisa frsa =idnizht to nmeon. The diszritu-
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tion changes lrom one with a =iaimum at pictsh zngle, o, = 907 duving =idnizhs 22

o%

one with 3 zaxisum at a, = 9G° near nocn up o energies of 75 kaV. Atove 73 kal
z=e ainiza at a, = 90% ace obsarvad sver che encire day. They only vary in

incensity.
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Fig. 2 1Ion pitch angle distributions in various energy
channels measured with the GE0S-2 MPAE instrumeat from
20:00 UT on February !3 to 10:00 (T on February 14, 1973.

- : Came . : . : an2
ia Figure 3 we have plottaed the diurnal variation of the ion inteasity at 3, = 3G

against the diurnal variacion of the cagnetic field Bo for various atergy chacnels,

Rl

This obsarved parzicle flux variation vas used %9 generate an equatorial “radial

flux profile ca 13-14 Tebruary, 1979. The data were it 19 function of cthe ZIzr=

;=1 e {c'3°}

The radial depeadence of the flux is I=plicit ia the dependance of Bo S5y
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Tor February 13-14 iz zakes =wo such functiors to cover the full range of 33.
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asz $i{=3 Zfsvr zhe GZ0S instruseat ave given I3r the wvarisus enavgy rass tands v




2 solid line and for the SCATHA in-~

10°
strument by a dashed line. The data

o indicate that the radial profile of
I P TS
FRa) -2t wB ey R
B LI both spacecraft show very similar

10 padey L Sk
T g 99 TSk .
P . values although the spatial range of
'F— AT B T5.9hkeV . . . Y amman
2 L o oA the SCATHA satellite is zuch larger.
y :‘ (i/'/ e ! ///},y
s 0 T s
. L j;%,'””””“v The lover part of Figure 4 shovs the
3 g e o P uikey
= E ;/%4}/ii~//};é?N‘Wkw maguecic field variation on February
1 z > 13-14, 1979 measured by the magneto-
2 S 169-225 kev
E meter on GEOS versus local time (local
z P time = UT + 2.5 hrs) and Kp-index. The

T dashed line is the best fit curve frog

é‘.".“/» - FEB 13/14 1979 the Yead model
M Se—e GEQS 2 - MPAE
4 4 — — SCATHA - AEROSPACE
0 T : ; : 8 = -(a/r)jgo -2 -1 El (r/a)cos ©
90 100 110 120 130 140 o 1 1 2 o
B, lv]

for the period 20:00 UT February 13 to

Fig. 3 Observed variation of ion inten-~
sity (pitch angle ay = 85%-95%) wich

magnetic field B, in various energy o _ co s
channels on GEOS 2 (——) at indicated meter g = -30900 gamma is fixed by che

: : 1
1 22:;§A°€_2?:::§s‘1 tize UT and on magnitude of the earth's dipola moren:z,

16:00 UT February 14, 1979. The para-

but che parametars ;? and Eé are to be
adjustad to fic the diurnal variation of B; observed at GZ0S-2 (r = 6.6 a; a is
che earzh radius = 6371 km). The results are ;? = -1,32 garmwa and 5; = 1.20 zaema.
Tha good f£ig of 30 SupPpoT=3 3ur assumption that the magnecic field was s:tatie
becween 22:00 hrs Tedbruary 13 and 12:00 hrs February 14 local time, Ia the upper j
part of Figure 4 we plotted for che four lowest energy chantels on GE0S-2 the
iztensity for e, = 60% and a, - 90° versus local time. The drift shell splitzing
is very clearly seen near nidnighc. The 60° pitch angle incensity becomes larser
=han the 90° intensity at about 07:C0 local time for the 35-45 keV energy chanael.

The point of incersection {s energy cepencdent and shif®s to local =osn Zfor highar
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energies. Above an ion energy of 75 keV we find at all local times a minimum at

90° pitch angle.

GECY ¢ MBaAE
SRS Fig. 4 (Lower): Corparisecn of
. o the magnectic field on February

13/14, 1979 as measured by =tz
Dagnetcmeter on SZCS-2 and :he
bese-fit curve from the Mead
model (dashed line).

(Upper): The comparison between
the measured intensities in
various energy channels at pitch
angles ag = 559-657 and o = 35°-

Moy or

N ONTERL Y

- . p .
AT 95 with the calculated inten-
. . sities obtained from the radial
o PR gradient and drift shells based
e . - on the Mead model.
e ~ * - '/’.
Ce—— "
4 § 2w oM G g w W RS
5 An e AP ¥ KT

To calculate che picch angle discribution at all local times we f3llow the 2raca-
dure of luhmann and Schulz (7] and Pfitzer et al. [5] in assuming zhat the
normalized equatorial pitch angle distribucion g (ao’) on the noon zeridian is
independent of geocentric distance for drift shells accessible to the synchronous

orbit., Thus we express the intensity j (a,, Bo(L), 0y) as

j (ag, 35(L3, @) = g (@) n(3 (1))

vhere h(ao'(L)) represencs the "tadial” ddpendencze of zhe rartizle flux at the
aquassor ia the noon zeridian (o, = uo' $ - refarenze longitude aC zgon) where

the aguatosial Ziald is BJ‘.

R : c s 2a3 . 3 . . .
Calzulazicns ac picch anglas a, " 307 and 3, = 337 for wc enevgy :hannels ate
given as dasned lines in thz upper par: of Tigure 4. Thay are in fairlr gocd
agreesent with the zeasured values ard show also the aenergr desencdence oI the

itatersectizn soint fov 60° and 30° piceh angle.
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RESULTS

Our measurements with high energy and pitél angle resolution clearly show the
effects of drift shell splitting on the distribution of energetic ions. This is
most obvious for the diurnal variation of the pitch angle distridutions. At =mid-
night maximum intensities are encountered at pitch angles of 60° (120°). The
racio j(60°)/j(90°) of the intensities ar pizch angles of 60° and 9C° is larger
than | between midnight and 0700 LT for the lowest energy channel. The cross over
time for j(60°) and j(90°) depends on the ion energy. It is shifted towards local
noon with increasing ion energy. Above 75 keV the intensity at 60° is larger than
at 90° for all local ctimes. For mildly disturbed days like “arch 18/19, 1979 the

minimum for the 90° ionms disappears for low energies at midnighe,

Qur observations are in good agreement with the simplified method of magnetic
drift shell tracing by Luhmana and Schulz [7]. The 90° ion intansizias ac abouc
30 keV are pradictad to vary by a faczor of 3.4 in incensity with local zize the
60° ion incemsities by a factor of 1.4. The deviation from the obserration are

less than 1S Z,

It should be noted that the procedure of determining the gquiec time distributice
automatically waras us 2gainst crying to fit geauine texporal variacions with z

static aodel of the =agnetosphere. In a static magnetosphers the intensity of

3, 90° ions must e a single valued Zunc-zion of 2, plotced wich universal tize

—

(UT) as a parametar,
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerospace Corporation is conducting
experimental and theoretical investigations necessary for the evaluation and
application of scientific advances to new military concepts and systems, Ver-
satility and flexibility have been developed to a high degree by the laboratory
personnel in dealing with the many problems encountered in the nation's rapidly
developing space and missile systems, Expertise in the latest scientific devel-
opments is vital to the accomplishment of tasks related to these problems. The
laboratories that contribute to this research are:

Aerophysics Laboratory: Launch and reentry aerodynamics, heat trans-

fer, reentry physics, chemical kinetics, structural mechanice, flight dynamics,
atmospheric pollution, and high-power gas lasers.

Chemistry and Physics Laboratory: Atmospheric reactions and atmos-
pheric optics, chemical reactions in polluted atmospheres, chemical reactions
of excited species in rocket plumes, chemical thermodynamics, plasma and
laser-induced reactions, laser chemistry, propulsion chemistry, space vacuum
and radiation effects on materials, lubrication and surface phenomena, photo-
sensitive materials and sensors, high precision laser ranging, and the appli-
cation of physics and chemistry to problems of law enforcement and biomedicine.

Electronics Research Laboratory: Electromagnetic theory, devices, and
propagation phenomena, including plasma electromagnetics; quanturn electronics,
lasers, and electro-optics; communication sciences, applied electronics, semi-
conducting, superconducting, and crystal device physics, optical and acoustical
imaging; atrnospheric pollution; millimeter wave and far-infrared technology.

Materials Sciences Laboratory: Development of new materials; metal
matrix composites and new forms of carbon; test and evaluation of graphite
and ceramics in reentry; spacecraft materials and electronic components in
nuclear weapons environment; application of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals,

Space Sciences Laboratory: Atmospheric and ionospheric physics, radia-
tion from the atmosphere, density and composition of the atrnosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics, studies of solar magnetic
fields; space astronomy, x-ray astronomy; the effects of nuclear explosions,
magnetic stormas, and solar activity on the earth's atmosphere, ionosphere, and
magnetosphere; the effects of optical, electromagnetic, and particulate radia-
tions in space on space systems,
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